ABSTRACT. Genetic diversity of sea turtles (hawksbill turtle) was studied using sequencing of mitochondrial DNA (mtDNA, D-loop region). Thirty dead embryos were collected from the Kish and Qeshm Islands in the Persian Gulf. Analysis of sequence variation over 890 bp of the mtDNA control region revealed five haplotypes among 30 individuals. This is the first time that Iranian haplotypes have been recorded. Nucleotide and haplotype diversity was 0.77 and 0.001 for Qeshm Island and 0.64 and 0.002 for Kish Island, respectively. Total haplotype diversity was calculated as 0.69, which demonstrates low genetic diversity in this area. The data also indicated very high rates of migration between the populations of these two islands. A comparison of our data with data from previous studies downloaded from a gene bank showed that turtles of the Persian Gulf migrated from the Pacific and the Sea of Oman into this area. On the other hand, evidence of migration from populations to the West was not found.
INTRODUCTION
Marine chelonians have inhabited the earth for over 100 million years, since the Cretaceous (Hirayama, 1998) , and the fossil record reveals that four families were established during this period, two of which have survived to the present (Pritchard, 1996) . The Dermochelyidae consists of only the leatherback turtle, Dermochelys coriacea, while the second family, the Cheloniidae, is commonly thought to include six species classified into five genera (Bowen and Karl, 2007) . Of the five sea turtle species, the loggerhead, green olive Ridley, leatherback and hawksbill turtles, are reported to occur in the Persian Gulf. The hawksbill is critically endangered among the Persian Gulf marine turtles, which nest on the beaches of the mainland and islands of Iran (Mobaraki, 2004) .
The hawksbill was first listed as an endangered species by the International Union for the Conservation of Nature, now the World Conservation Union (IUCN, 1968) , and retained this listing in all subsequent publications of the Red List until 1996, when its status was changed to critically endangered (Groombridge and Luxmoore, 1989; Baillie and Groombridge, 1996) .
The hawksbill sea turtle, Eretmochelys imbricata, is a circum-tropical species that is listed as critically endangered in the IUCN Red Book of Threatened Species (IUCN, 2009) .
Genetic studies of nesting and foraging hawksbill turtles have been conducted in both the Indo-Pacific and Atlantic basins (Broderick et al., 1994; Broderick and Moritz, 1996; Bass, 1996; Bowen et al., 1996; Koike et al., 1996; Okayama et al., 1996) . These studies are the first attempts to document in-depth genetics research on this endangered animal. Most of these studies have used sequences of the control region in the mitochondrial DNA (mtDNA) genome, with the intention of resolving the genetic structure of hawksbill populations. The mtDNA data have been used to test hypotheses concerning reproductive behavior and the composition of foraging populations, and to infer patterns of migration and population structure.
MATERIAL AND METHODS
In this study, 30 dead embryos of loggerhead turtles were collected from the islands of Qeshm and Kish, and samples were fixed in 96% ethanol. DNA was extracted from 0.1 g liver and muscle tissues, digested overnight at 56°C in a 1X TE buffer, 0.5 mg/mL proteinase K and 0.01% SDS solution, using standard phenol-chloroform (Hillis and Moritz, 1990 ). An 890-bp portion of the mtDNA D-loop and tRNA Pro was amplified by polymerase chain reaction (PCR) using the H950 (5'-GTCTCGGATTTAGGGGTTTG-3') and LCM15382 (5'-GCTTAACCCTAAAGCATTGG-3') primers (Laurent et al., 1998) . Amplifications were performed in a total volume of 25 mL containing 5-50 ng whole DNA, 10 mM of each dNTP, 10 pmol of each primer, 0.5 U super Taq polymerase (Fermentas) and the corresponding reaction buffer (1X). Cycling parameters were 94°C for 5 min, followed by 35 cycles at 94°C for 60 s, 53°C for 90 s, and 72°C for 60 s, and a final extension at 72°C for 5 min. Sequence alignments were performed with the Clustal W software (Thompson et al., 1994) , and haplotype and nucleotide diversity were calculated using Arlequin v. 2. Phylogenetic relationships between turtles in the Persian Gulf islands and other areas in the world were determined by the Mega software.
RESULTS
Sequence analysis of the 30 samples revealed 9 variable positions, defining 4 polymorphs and 5 haplotypes ( Table 1) . None of these haplotypes has ever been reported before. Therefore, all new haplotypes recorded in the NCBI gene bank as Iran1, 2, 4, 5, and 6 with accession Nos. GU997695 for Kish Island, GU997697, GU997698 and GU997699 for Qeshm Island, and haplotype Iran1 No. GU997694 was common between the two islands. Haplotype and nucleotide diversity was reported as 0.77 and 0.001 for Qeshm Island and 0.64 and 0.002 for Kish Island, respectively (Table 2 ). Haplotype diversity (h) varied from 0.77 to 0.64, similar to estimates for other marine turtle species (Table 2) . Nucleotide diversity (π) varied from 0.001 to 0.002.
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The phylogenetic analysis based on the mtDNA D-loop sequences was able to discriminate the two main lineages using a neighbor-joining phylogenetic tree program (Figure 1) . 
Bootstrap values (1000 replicates) are indicated on the branches. Neighbor-joining analysis revealed the presence of two clades, designated clades A and B. Two clades of haplotypes were identified in the Persian Gulf, the Indo-Pacific Ocean and the Atlantic Ocean. Clade A belonged to haplotypes Iran1, 2, 4, 5, 6, and to haplotypes from the Indo-Pacific Ocean, Ei2, 3, 8. Clade 2 belonged to haplotypes EiA11, EiA20, EiA45 (Velez-Zuazo et al., 2008) and BR9 (Lara-Ruiz et al., 2006) from the Atlantic Ocean.
DISCUSSION
Genetic investigations of nesting populations in the marine turtles identified fixed or nearly fixed variations in mtDNA haplotype frequencies among rookeries (Bowen et al., 1993; Encalada et al., 1998; Maffucci et al., 2006) . Two forms of evidence include tagging data and mtDNA data and show that natal homing predominates, but breeding populations may involve several proximal nesting sites (Bowen and Karl, 2007) . This result points out that genetically distinct reproductive units are also demographically independent and must be managed individually (Schroth et al., 1996; Bowen, 2003) . Some sea turtle nestings separated by a few hundred kilometers are not different in terms of haplotype frequencies (Broderick et al., 1994; Bass, 1996) . The present study revealed five endemic haplotypes in the Persian Gulf rookeries, creating a unique Iranian haplotype profile. The results established a new subpopulation of hawksbill turtle in this area.
Our data analysis detected a relationship between the Indo-Pacific hawksbill turtle and the Persian Gulf hawksbill turtle. This agreed with Kinunen and Walczak (1971) , who showed that the Iranian hawksbill turtle in the Persian Gulf belongs to the Indian hawksbill turtle. The hawksbill turtle also has two distinct lineages, corresponding to the Atlantic and Indo-Pacific (Okayama et al., 1999) , but with a younger lineage in the East Atlantic, which is affiliated with the Indian Ocean. Bourjea et al. (2007) found genetic differentiation among sites more than 500 km apart but not less than150 km in the southwestern Indian Ocean. Our results indicated that the nested marine turtles on Qeshm Island near the Strait of Hormuz and Indo-Pacific Ocean also have a strong relationship with the Indo-Pacific Ocean and the Persian hawksbill turtle lineages. It means they are the same population because of the proximity of these areas, which facilitated migration and gene flow between the hawksbill turtle populations. On the other hand, the hawksbill turtles in the Atlantic and Pacific are separated from the two mentioned areas. Our phylogenetic results substantiated and extended findings of previous molecular phylogenetic studies, which also revealed two distinct lineages, corresponding to the Atlantic and Indo-Pacific (Okayama et al., 1999) . The combined evidence from tagging data and mtD-NA data indicate that natal homing predominates, but breeding populations may encompass several proximal nesting sites (Bowen and Karl, 2007) .
The results obtained from data analysis showed higher genetic diversity among the hawksbill turtle population on Qeshm Island than Kish Island. This indicates that important essential factors exist on the beach of Qeshm Island, more appropriate than on Kish Island. It should be noted that proper protection of Qeshm Island and the good environment situation facilitated marine turtle spawning on that island. The low genetic variation found throughout the Persian Gulf is in line with increased coastal development, expansion of human settlements, industrialization, and industrial waste, which threaten marine turtle habitat.
